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Abstract
We study a model of the emergent dark universe, which lives on the time-like
hypersurface in a five-dimensional bulk spacetime. The holographic fluid on the
hypersurface is assumed to play the role of the dark sector, mainly including the
dark energy and apparent dark matter. Based on the modified Friedmann equa-
tions, we present a Markov-Chain-Monte-Carlo analysis with the observational
data, including type Ia Supernova and the direct measurement of the Hubble con-
stant. We obtain a good fitting result and the matter component turns out to be
small enough, which matches well with our theoretical assumption that only the
normal matter is required. After considering the fitting parameters, an effective
potential of the model with a dynamical scalar field is reconstructed. The param-
eters in the swampland criteria are extracted, and they satisfy the criteria at the
present epoch but are in tension with the criteria if the potential is extended to
the future direction. The method to reconstruct the potential is helpful to study
the swampland criteria of other models without an explicit scalar field.
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1 Introduction
The origin of dark energy and dark matter is one of the most mysterious issues in the
current cosmological observations. In the Lambda-Cold-Dark-Matter (LCDM) model of
the universe, roughly 95% of the energy component of the current universe is invisible
to us. The LCDM model is successful at the CMB and large scales, but at the galactic
scale, some discrepancies were proposed [1–3]. Moreover, the particle dark matter is
still elusive from the direct detection [4]. One of the alternatives to the particle dark
matter is the modified gravity [1, 2], which can be applied to both the inflationary era
and late time acceleration of the universe. Inspired by Verlinde’s recent derivation on
the emergent gravity [5], a holographic model of the Emergent Dark Universe (hEDU)
has been proposed in [6], where the shortened name “hFRW” was also used. It as-
sumes that the stress-energy tensor of the total dark components, including dark energy
and apparent dark matter, is provided by the holographic fluid on the 3 + 1 dimensional
Friedmann-Robertson-Walker (FRW) hypersurface, which is embedded in a 4+1 dimen-
sional Minkowski bulk. The Einstein field equations on the hypersurface are modified
as
Rµν − 1
2
Rgµν − 1
L
(Kµν −Kgµν) = κ4 Tµν . (1)
The Einstein’s constant κ4 =
8piG
c4
= ~
M2P c
3 is related to the Newton constant G and the
reduced Planck mass MP in 3 + 1 dimensions. Tµν is the stress-energy tensor of the
normal matter within the standard model, Rµν and Kµν are the intrinsic Ricci curvature
and the extrinsic curvature of the hypersurface, respectively. The length scale L is
assumed to be at the same order as c/H0 [6], where c is the speed of light and H0 is the
Hubble constant today. Thus, the Einstein gravity gets modified in the weak gravity
region.
The modified Friedmann equation in this hEDU model can be derived from (1), once
taking gµν as the FRW metric and considering the consistent embedding into the flat
bulk. Based on this, we present the Markov Chain Monte Carlo (MCMC) analysis with
the Type Ia Supernova (SNIa) data and obtain a good fitting result. It turns out that,
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only 3% of the component in the current universe is required to be the normal matter in
this hEDU model, instead of the 30% in the LCDM model where the dark matter has to
be included. It matches well with our theoretical assumption that only normal matter
is required on the right-hand side of the modified Einstein field equations in (1).
The emergent dark universe model will be asymptotical de Sitter (dS) in the future
infinity. However, it seems difficult to construct a meta-stable dS vacuum in string
theory. A group of authors [8–11] proposed the conjecture that the scalar potential in
low energy effective theory satisfies,
Criterion 1 :
|∆φ|
MP
≤ d0, (2)
Criterion 2 : MP |∇V | ≥ c1V or M2P min[∇i∇jV ] ≤ −c2V, (3)
over a certain range of the scalar fields and the positive constants d0, c1, c2 are of order
one ∼ O(1), if the theory has an ultraviolet (UV) completion consistent with quantum
gravity. Otherwise, the scalar potential is too flat and the theory lies in the swampland.
These conjectures constrain the possible forms of the effective scalar potentials from
the top-down models, which have been studied in the inflationary era [12], present dark
energy dominated universe [13] and the effective potentials in phenomenology [14]. The
swampland conjectures have been used to discuss the possible de Sitter vacua from the
compactifications of string theories [15], related to the Kachru-Kallosh-Linde-Trivedi
(KKLT) approach [16], see also [17] and [18].
In our dark universe model, the dark sector arises from the holographic stress-energy
tensor, which drives the expanding universe. The same stress-energy tensor can also
be reconstructed from the Lagrange density of a scalar field with an effective potential.
From the Friedman equation with the fitting parameters in our model, we derive the
effective scalar potential numerically, such that the derivative of the potential can also
be calculated. We check the conditions in our model and comment on the swampland
criteria. We find that the Criterion 1 in (2) in the hEDU model. However, near the
bottom of the effective potential of hEDU model, we only have
M2P |∇i∇jV | ≥ c3V, c3 ∼ O(1), (4)
instead of Criterion 2 in (3). Especially now this condition (4) can include some
braneworld models which are asymptotic de Sitter in the future infinity and avoid some
complications at the bottom of the potential that ∇V = 0.
In the following section 2, this dark universe model in a flat bulk is reviewed and
the modified Friedmann equation in the present universe is derived. In section 3, the
parameters in the modified Friedmann equation of hEDU model are fitted with the SNIa
and H0 data. Based on these results, in section 4, the effective potential of a dynamical
scalar field is reconstructed to recover the same evolution equation numerically, then the
parameters in the swampland criteria can be calculated. The conclusion and discussion
are summarised in section 5.
3
2 Emergent Dark Universe on a Hypersurface
We consider a 3 + 1 dimensional time like hypersurface H with the induced metric gµν
and Ricci scalar R, which is embedded into a 4 + 1 dimensional bulk spacetime M
with metric g˜AB and Ricci scalar R. After including the Lagrangian density Lm of the
standard model matter on the hypersurface, we can write down the total action
Stot =
∫
H
d4x
√−g
( 1
2κ4
R + Lm
)
+ S5 , (5)
S5 ≡
∫
M
d5x
√
−g˜
( 1
2κ5
R
)
+
∫
H
d4x
√−g 1
κ5
K, (6)
where K is the trace of extrinsic curvature of the hypersurface H. The Einstein field
equations on the hypersurface become [6],
1
κ4
Gµν = T
m
µν + 〈T 〉dµν , (7)
where the Brown-York stress-energy tensor [7] on H is given by
〈T 〉dµν ≡ −
2√−g
δ(S5)
δgµν
=
1
κ5
(Kµν −Kgµν) . (8)
After setting κ5 = Lκ4, we can reach the modified Einstein field equations in (1). Notice
that in the cutoff holography on fluid/gravity duality, there is no dynamics of the induced
metric on the hypersurface [19–23]. Although the modified Einstein field equations are
related to the Dvali-Gabadadze-Porrati (DGP) braneworld models [24–26], we will give
a physical interpretation from holographic scenario together with new parameters.
Considering that our universe is uniform and isotropic at large scale, we take the
spatially flat FRW metric in 3 + 1 dimensions,
ds24 =gµνdx
µdxν = −c2dt2 + a(t)2 [dr2 + r2dΩ2] . (9)
The consistent embedding of this FRW metric in 4 + 1 dimensional flat spacetime has
been studied in [27], where the bulk metric in Gaussian normal coordinates is
ds25 = dy
2 − n(y, t)2 c2dt2 + a(y, t)2 [dr2 + r2dΩ2] . (10)
The consistent embedding functions are solved as [28–30],
a(y, t)2 = a(t)2 + y2
a˙(t)2
c2
± 2y
√
a(t)2
a˙(t)2
c2
+
I
L2
, (11)
n(y, t) =
∂ta(y, t)
a˙(t)
. (12)
The integration constant I is dimensionless after putting a scale factor L2 in (11). In
the coordinates of this metric (10), the hypersurface H is located at y = 0, which is the
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shared boundary of the half bulk M+ for the region y > 0 and the half bulk M− for
the region y < 0.
In the spirit of the membrane paradigm [31, 32], we remove half part of the bulk
spacetime, which can be effectively replaced by the holographic stress tensor 〈T 〉dµν in
(8). The dynamics of a FRW hypersurface which is embedded into the higher dimensional
flat spacetime has been studied in [6]. With the bulk metric (10), the energy density
and pressure in 〈T 〉dµν are calculated to be
ρd(t) = ρc
√
ΩΛ
√
H(t)2
H20
+
ΩI
a(t)4
, (13)
pd(t) = − ρ˙d
3H(t)
− ρd , (14)
where the critical density and other parameters are given by
ρc =
3H20M
2
P
~c
, ΩΛ =
c2
L2H20
, ΩI ≡ Ic
2
L2H20
. (15)
The effective cosmological constant in the future infinity turns out to be Λ = 3
L2
[6].
The modified Friedmann equation becomes
H(t)2 =
κ4c
4
3
[ρm(t) + ρd(t)] . (16)
Plugging (13) into (16) and considering the relation between the redshift z and the
scale factor via a(t)/a(t0) = 1/(1 + z), we arrive at the normalized Hubble parameters
H(z)/H0 in terms of the redshift z, which is the modified Friedmann equation in the
hEDU
H(z)2
H20
=
ΩΛ
2
+ Ωm(1 + z)
3 +
ΩΛ
2
√
1 +
4
ΩΛ
[
Ωm(1 + z)3 + ΩI(1 + z)4
]
. (17)
Taking (17) at z = 0 with H0 ≡ H(z)|z=0, we have the relation between different
components
1 = Ωm +
√
ΩΛ(1 + ΩI) ⇒ ΩΛ = (1− Ωm)
2
(1 + ΩI)
. (18)
Notice here that by setting ΩI = 0, we can recover the usual Friedmann equation of
the self-accelerating branch of the DGP braneworld model (sDGP). When ΩI  1, the
behavior of this term is more like the dark radiation [33]. In this holographic model
of the emergent dark universe (hEDU), ΩI turns out not to be so small, such that the
whole dark sector, including the dark energy and apparent dark matter, is expected to
be included in the holographic dark fluid [6].
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3 Fitting Parameters with the SNIa and H0 data
In this section, we give constraints on model parameters in the modified Friedmann
equation (17) in light of observational data. We will also compare the result with the
flat LCDM model, where the standard Friedmann equation is
LCDM :
H(z)2
H20
= ΩΛ + Ωm(1 + z)
3, ΩΛ = 1− Ωm. (19)
We employ the Markov-chain Monte Carlo (MCMC) together with the observational
data and the statistical methods. In particular, in our analysis, we use Type Ia super-
novae (SNIa) observational data and the direct measurement of Hubble constant H0.
There are different types of SNIa datasets compiled by different groups. Thus, in this
work, we consider Joint Light-curve Analysis (JLA) dataset [34], which consists of 740
supernovae. JLA data includes 118 supernovae at 0 < z < 0.1 from several low-redshift
samples, 374 supernovae at 0.03 < z < 0.4 from the Sloan Digital Sky Survey (SDSS)
SN search, 239 supernovae at 0.1 < z < 1.1 from the Supernova Legacy Survey (SNLS)
observation, and 9 supernovae at 0.8 < z < 1.3 from the Hubble Space Telescope (HST)
measurements. In addition, we also use H0 data derived from a reanalysis of Cepheid
data [35,36] to constrain our model.
We use the χ2 statistics to fit the cosmological models to observational data. The χ2
function is given by
χ2θ =
(θth − θobs)2
σ2θ
, (20)
where θobs is the measured value by observations, whereas θth is the predicted value by
theory, and σθ is the standard deviation. The total χ
2 is the sum of all χ2θ,
χ2 =
∑
θ
χ2θ . (21)
As we mentioned above, the observational data we use in this work include the JLA
sample of SNIa observation and the direct measurements of the Hubble constant H0
from HST. The total χ2 is written as χ2 = χ2SNIa + χ
2
H0
. Therefore, in the following, we
will include both the SNIa and H0 data into the χ
2 statistics.
We use the JLA compilation of SNIa. The JLA compilation includes 740 Ia super-
novae in range of z ∈ [0.01, 1.3]. According to the observational point of view, we need
the distance modulus µ, which is often used to construct the χ2 function of SNIa, and
the redshift z to the SNIa to fit the data. the theoretical value of distance modulus can
be computed as
µth = 5 log10
[
dL(z)
Mpc
]
+ 25 , (22)
where dL is the luminosity distance predicted from theory. The luminosity distance dL
is given by
dL(z) = (1 + z)r(z) , (23)
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Figure 1: The 68.3%, 95.4%, and 99.7% confidence contours for various parameter com-
binations. Ωm, ΩI , h = H0/(100 km s
−1 Mpc−1) and 1D marginalized likelihood for h.
The best fit values are at Ωm = 0.0299, ΩI = 0.4382 and h = 0.7349.
where
r(z) = H−10 |ΩK |−
1
2 sinh
[
|ΩK | 12
∫ z
0
dz′
E(z′)
]
. (24)
Here, H0 = 100h km s
−1 Mpc−1 is the Hubble constant, E(z) is the reduced Hubble
parameter and is defined as E(z) ≡ H(z)/H0, and sinh(x) = sin(x), x, sinh(x) for ΩK <
0, ΩK = 0, and ΩK > 0, respectively.
The observed value of the distance modulus is given as
µobs = m
∗
B −MB + αX1 + β C , (25)
where m∗B is the observed peak magnitude in the rest-frame of B band, X1 describes
the time stretching of light-curve, and C describes the SN color at maximum brightness.
As we mentioned above, the JLA data includes 740 SNIa; for each SNIa, the observed
values of m∗B, X1, and C are given in reference [34]. The χ2 function for JLA observation
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can be written as
χ2SNIa = (µobs − µth)†Cov−1SNIa(µobs − µth) , (26)
where CovSNIa is the covariance matrix of the JLA observation.
For the H0 measurement, we use the result of direct measurement of Hubble constant,
given by Riess et al. [36], H0 = 73.24 ± 1.74km s−1Mpc−1, which is derived from a re-
analysis of Cepheid data. However, this measurement is in tension with Planck data [37].
The χ2 function for the H0 measurement is
χ2H0 =
(
h− 0.7324
0.0174
)2
. (27)
If we compare our model with the LCDM model, χ2 cannot make fair comparison, for
them having different numbers of free parameters, because a model with more parameters
has more tendency to have a lower value of χ2. Thus, to make a fair comparison, we
apply the Akaike information criterion (AIC) [38] and Bayesian information criterion
(BIC) [39] to do analysis. The AIC and BIC are defined as AIC ≡ −2 lnLmax + 2k and
BIC ≡ −2 lnLmax +k lnN , respectively, where Lmax is the maximum likelihood, k is the
number of parameters, and N is number of data points used in the model-data fit. For
Gaussian errors, one can use χ2min = −2 lnLmax.
Parameters LCDM hEDU
h 0.7330± 0.0180 0.7349± 0.0179
Ωm 0.2969± 0.0352 0.0299± 0.0515
ΩI — 0.4382± 0.1317
α 0.1403± 0.0068 0.1409± 0.0068
β 3.1081± 0.0892 3.1144± 0.0896
χ2min 695.063 694.321
∆AIC 0 1.258
∆BIC 0 5.866
Table 1: Fitting values and uncertainties of the cosmological parameters.
We introduce AIC and BIC statistics for the sake of comparing different models
due to the different free parameters. Obviously, a model with a smaller AIC value
means a better model in terms of data fitting, while a smaller BIC value implies that
such a model is economically favorable if further data points are implemented. In our
analysis, we use LCDM as a reference model, for such model is currently the best data-
fitting model among all existing ones; hence, for our analysis, we need to pay more
attention to the relative values of AIC and BIC as ∆AIC = AIChEDU −∆AICLCDM and
∆BIC = BICHPU − ∆BICLCDM, respectively. Therefore, we need to calculate ∆AIC =
∆χ2min − 2∆k and ∆BIC = ∆χ2min −∆klnN . It is worth noticing that, in terms of data
fitting, the model with 0 < ∆AIC < 2 have a substantial support; the models with
4 < ∆AIC < 7 have considerably less support, and the models with ∆AIC > 10 have
essentially no support, with respect to the reference model. Concerning the BIC, the
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relative value ∆BIC = BIChEDU−BICΛCDM provides the following situations. The model
with ∆BIC ≤ 2 indicates that the comparison model is consistent with the reference
model. The models with 2 ≤ ∆BIC ≤ 6 indicates the positive evidence against the
comparison model, whereas for ∆BIC ≥ 10 such evidence becomes strong. As the result
shown, according to ∆AIC = 1.258, our model fits well with the observational data.
However, ∆BIC = 5.866 indicates that if more data will be used, ∆AIC between the
two models might be, in some extent, increasing, so only the future data can tell us more
about how well theses models relatively fit the observational data.
An overall presentation of constraints is listed in Table 1 for our model. The table
contains the fitting parameters, including the intrinsic values (α, β) of JLA, and goodness
of fit statistics (χ2min) for our model. For comparison we additionally provide the results
of the usual LCDM model of cosmology. From the Table 1, one can see that H0 = 73.49±
1.7998 km s−1Mpc−1 is the value closer to that obtained from the local measurement [36].
Significantly, the matter component Ωm in hEDU model turns out to be very small,
compared with the Ωm in LCDM. It matches well with our theoretical assumption in
section 2, that only the normal matter is required in the hEDU model. In the next
section, based on these parameters from Table 1, we will recover an effective potential
with the dynamical scalar field.
4 Checking on the Swampland Criteria
We can write the effective field theory of one dynamical scalar field for the late-time
accelerating universe in the following action,
Stot =
∫
d4x
√−g
[ 1
2κ4
R + Lm − 1
2
(∂φ)2 − V (φ)
]
. (28)
The swampland criteria (2) and (3) on an effective field theory which is supposed to be
consistent with a theory of quantum gravity were reviewed in the introduction.
In the hEDU model, the holographic dark fluid in (8) is assumed to be the pure
gravitational effects, which can be considered as the dynamics of an effective vacuum.
So is there an effective potential of the dynamical scalar field in (28), which can recover
the same effects? From the holographic energy density (13) and pressure (14), comparing
with the energy density ρφ =
φ˙2
2
+ V (φ) and pressure pφ =
φ˙2
2
− V (φ) of the scalar field
in (28), we can reconstruct the effective potential and the scalar field of the holographic
dark fluid, which satisfies
V [φ(t)] =
1
2
[ρd(t)− pd(t)] , (29)
φ˙(t) = −
√
ρd(t) + pd(t) . (30)
For convenience, we have chosen the negative sign in (30). Taking the parameters from
Table 1, we can numerically plot the φ(z) and V (φ) in Figure 2, by using the relation
dt
dz
= −1
(1+z)H(z)
. From the modified Friedmann equation (17), we have seen that sDGP is
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a special case of hEDU when ΩI = 0. Thus, in this section, we will choose the sDGP as
a reference model of hEDU, along with the following parameters.
Models Ωm ΩI ΩΛ
sDGP 0.21 0 0.62
hEDU 0.03 0.44 0.65
Table 2: The input parameters of the models in section 4. The relation 1 = Ωm +√
ΩΛ(1 + ΩI) in (18) is used to obtain ΩΛ.
The values in the sDGP model are taken from the reference [40], and those values in
the hEDU model are taken from Table 1.
sDGP
hEDU
-1.0 -0.5 0.0 0.5 1.0 1.5 2.00.0
0.5
1.0
1.5
2.0
z
ϕ (z)
MP
sDGP
hEDU
0.0 0.5 1.0 1.5 2.0
0
2
4
6
8
10
12
ϕ /MP
V (ϕ)
H0
2MP
2
Figure 2: Left: The effective scalar field φ(z) in terms of the redshift z, which is related
to the swampland criterion 1 in (2); Right: The shape of the effective potential V (φ)
in terms of φ. The red circle indicates the present value of φ(z)|z=0 ' 0.65MP for the
hEDU model, and the arrow indicates the direction for the future. The parameters in
the Friedmann equation (17) are taken from Table. 2.
In the figure of φ(z)/MP in terms of the redshift parameter z, the zero of φ(z) is
chosen to be at the future infinity that φ(z)|z→−1 = 0. It is clear to see that |∆φ| ∼ |φ(1)|
is of order 1 in both models, at the dark energy dominated region from z ' 1 to z ' −1.
Thus, the first swampland conjecture in (2) is satisfied in the present universe for both
models.
Notice that in the region 0 . φ
MP
. 1, the effective potentials in Figure 2 can be
fitted well with the polynomial formula,
V (φ)
H20M
2
P
=
Λ0
H20
+
h2
2
φ2
M2P
+
h3
3!
φ3
M3P
+
h4
4!
φ4
M4P
+ · · · . (31)
Where Λ0 = 3ΩΛH
2
0/c
2 is the effective cosmological constant at the future infinity [6]
and it can be calculated from ΩΛ in Table 2. The linear term h1
φ
MP
is dropped because
we have V ′(φ)|φ→0 = 0. The fitting parameters h2, h3, h4 are listed in Table 3, where
h2 > 0 implies that the effective mass of the scalar field φ is positive.
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Models h2 h3 h4
sDGP 1.73 −2.42 21.0
hEDU 1.32 2.20 4.20
Table 3: The fitting parameters in the polynomial formula of the potential in (31).
sDGP
hEDU
Polynomial Fitting
Polynomial Fitting
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
ϕ /Mp
V (ϕ)
H0
2Mp
2
sDGP
hEDU
Exponential Fitting
Exponential Fitting
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
1.5
2.0
2.5
3.0
3.5
4.0
4.5
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ϕ /Mp
V (ϕ)
H0
2Mp
2
Figure 3: Left: The polynomial fittings with the potential in (31), the fitted parameters
are listed in Table 3. Right: The exponential fittings with the potential in (32), the
fitted parameters are listed in Table 4.
Intriguingly, the potentials can also be fitted quite well with two parameters λ+ and
λ− in the exponential formula,
V (φ)
M2P
=
Λ0
λ+ + λ−
(
λ+e
−λ− φMP + λ−eλ+
φ
MP
)
. (32)
The ansatz satisfies V (φ)|φ→0 = Λ0M2P and V ′(φ)|φ→0 = 0 automatically, and the fitting
parameters are listed in Table 4. It is reasonable as there are only two free parameters
Ωm and ΩI in the hEDU model (17), with the relation in (18). It is also interesting to
relate the effective potential to some top down models in [9].
Models Λ0/H
2
0 λ+ λ−
sDGP 1.87 2.19 0.29
hEDU 1.96 1.54 0.51
Table 4: The fitting parameters in the exponential formula of the potential in (32).
With the effective potentials, now we can check on the second Swampland Criterion
in (3), or say, the refined de Sitter conjecture. We define the following parameters
λ1 ≡MP V
′
V
, V ′ ≡ dV (φ)
dφ
=
V˙ (t)
φ˙(t)
, (33)
λ2 ≡M2P
V ′′
V
, V ′′ ≡ d
dφ
dV (φ)
dφ
=
1
φ˙(t)
d
dt
[ V˙ (t)
φ˙(t)
]
. (34)
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It is straightforward to plot the numerical result of λ1(z) and λ2(z) in Figure 4. Thus,
we can see that at the present z = 0, λ1(0), λ2(0) ∼ O(1), which is the minimum
value between z = 0 and z = 1. In the future infinity, both of the metric solutions in
the sDGP and hEDU models will approach the de Sitter spacetime. We can see that
λ1(z)|z→−1 → 0 from Figure 4. It is because we only consider the late time universe,
and our effective potential only has the minimum in Figure 2. Thus, the first condition
in the second swampland criterion in (3) is satisfied at present, but in tension with the
model in the future.
sDGP
hEDU
-1.0 -0.5 0.0 0.5 1.0 1.5 2.00.0
0.5
1.0
1.5
2.0
z
λ1(z)
sDGP
hEDU
-1.0 -0.5 0.0 0.5 1.0 1.5 2.00
1
2
3
4
z
λ2(z)
Figure 4: The parameters λ1 ≡MP V ′V in (33) and λ2 ≡M2P V
′′
V
in (34), which are plotted
in terms of the redshift z. They are related to the swampland criterion 2 in (3).
It is interesting to notice that λ2(z) is still non-vanishing at the future infinity
λ2(z)|z→−1 ∼ O(1), which can be tested with the potential in either (31) or (32) . Thus,
we can see that in both of the sDGP and hEDU models, we still have λ2(z) ≥ c3 ∼ O(1).
Or say, near the minimum of the effective potential, we have the condition
M2P |∇i∇jV | ≥ c3V, c3 ∼ O(1). (35)
Thus, we can suggest that if the condition (35) can be included in the refined de Sitter
conjecture, then some braneworld models [41] with an asymptotic dS spacetime at the
future infinity might be included. Similarly, one can see for example, an interesting em-
bedding of the generalized models of the Randall-Sundrum [42,43] braneworld scenarios
within string theory has been discussed in [44].
5 Conclusion and Discussion
We study a modified gravity model of the late time accelerating universe, especially the
behavior of the universe evolution including the dark sector. We treat the whole dark
sector as the holographic dark fluid on the FRW hypersurface in a flat bulk [6]. After
using the SNIa and H0 data, we fit a new set of the parameters comparing to the LCDM
model. The matter component Ωm in Table 1 is very small and ΩI effectively contributes
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to the dark sector, including apparent dark matter component. The data fitting matches
well with the observations and our theoretical assumption.
This hEDU model: emergent dark universe model from the holographic viewpoint,
can be implemented into the improved sDGP braneworld scenario. We also check the
recently proposed swampland criteria on the model and the result is interesting. Espe-
cially notice that the potential V (φ) is asymptotically flat in the far future z → −1.
The metric solution is asymptotic de Sitter, which seems to end up in the swampland.
One can also see that the swampland criterion parameters λ1 and λ2 are of O(1) at
present z = 0, but λ1 approaches zero and λ2 approaches a positive constant in the
future infinity.
Despite this result, we do not think this completely means that the hEDU model is
in the swampland. One should notice that we do not have an explicit scalar field and
potential. The stress-energy tensor of the holographic fluid which the potential can be
derived from is effective at the low energy. The sDGP braneworld model shares similar
behavior as the hEDU model in the far future, where the universe is asymptotic de-
Sitter, although the current universe satisfies the criteria. One can hope to bring both
models back to the string landscape by evoking a phase change of the universe, which
is beyond the discussion of the effective low energy behavior presented here.
Another comment we would like to add here is the possible extension of the refined de
Sitter conjecture as proposed in (35). The refined conjecture in [11] is motivated by the
distance swampland conjecture, Bousso’s covariant entropy bound and phenomenological
counter-examples including Higgs vacuum and pion potentials. We discuss the possible
condition (35) here for a phenomenological reason, as it can include certain top-down
based brane-world scenarios. An alternative refined de Sitter conjecture conjecture can
also be found in [45]
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